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STATES MATRIX FOR WORKLOAD 
MANAGEMENT SIMPLIFICATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to the following co-pend 
ing and commonly-assigned applications: 
[0002] US. Utility patent application Ser. No. 10/730,348, 
?led Dec. 8, 2003, by Douglas P. BroWn, Anita Richards, 
Bhashyam Ramesh, Caroline M. Ballinger and Richard D. 
Glick, and entitled Administering the Workload of a Database 
System Using Feedback, attorney’s docket no. 11167; 
[0003] US. Utility patent application Ser. No. 10/786,448, 
?led Feb. 25, 2004, by Douglas P. BroWn, Bhashyam Ramesh 
and Anita Richards, and entitled Guiding the Development of 
Workload Group De?nition Classi?cations, attorneys’ docket 
no. 1 1569; 
[0004] US. Utility patent application Ser. No. 10/889,796, 
?led Jul. 13, 2004, by Douglas P. BroWn, Anita Richards, and 
Bhashyam Ramesh, and entitled Administering Workload 
Groups, attorneys’ docket no. 11560; 
[0005] US. Utility patent application Ser. No. 10/915,609, 
?led Aug. 10, 2004, by Douglas P. BroWn, Anita Richards, 
and Bhashyam Ramesh, and entitled Regulating the Work 
load of a Database System, attorneys’ docket no. 11561; 
[0006] US. Utility patent application Ser. No. 11/468, 107, 
?ledAug. 29, 2006, by Douglas P. BroWn andAnita Richards, 
and entitled A System and Method for Managing a Plurality 
of Database Systems, attorneys’ docket no. 12162, Which 
applications claims the bene?t of US. Provisional Patent 
Application Ser. No. 60/715,815, ?led Sep. 9, 2005, by Dou 
glas P. BroWn and Anita Richards, and entitledA System and 
Method for Managing a Plurality of Database Systems, attor 
neys’ docket no. 12162; 
[0007] US. Provisional Patent Application Ser. No. 
60/877,977, ?led on Dec. 29, 2006, by Douglas P. BroWn and 
Anita Richards, and entitled Managing Events in a Comput 
ing Environment, attorneys’ docket no. 12363; 
[0008] US. Utility patent application Ser. No. 11/716,889, 
?led on Mar. 12, 2007, by Douglas P. BroWn, Anita Richards, 
Mark Morris and Todd A. Walter, and entitled Virtual Regu 
lator for Multi-Database Systems, attorneys’ docket no. 
12787, Which application claims the bene?t of US. Provi 
sional Patent Application Nos. 60/877,766, 60/877,767, 
60/877,768, and 60/877,823, all ofWhich Were ?led Dec. 29, 
2006; 
[0009] US. Utility patent application Ser. No. 11/716,892, 
?led on Mar. 12, 2007, by Douglas P. BroWn, Scott Gnau and 
Mark Morris, and entitled Parallel Virtual Optimization, 
attorneys’ docket no. 12841, Which application claims the 
bene?t of US. Provisional Patent Application Nos. 60/ 877, 
766, 60/877,767, 60/877,768, and 60/877,823, all of Which 
Were ?led Dec. 29, 2006; 
[0010] US. Utility patent application Ser. No. 11/716,880, 
?led on Mar. 12, 2007, by Mark Morris, Anita Richards and 
Douglas P. BroWn, and entitled Workload Priority In?uenced 
Data Temperature, attorneys’ docket no. 12788, Which appli 
cation claims the bene?t of US. Provisional Patent Applica 
tion Nos. 60/877,766, 60/877,767, 60/877,768, and 60/877, 
823, all of Which Were ?led Dec. 29, 2006; and 
[0011] US. Utility patent application Ser. No. 11/716,890, 
?led on Mar. 12, 2007, by Mark Morris, Anita Richards and 
Douglas P. BroWn, and entitled Automated Block SiZe Man 
agement for Database Objects, attorneys’ docket no. 12789, 

Nov. 20, 2008 

Which application claims the bene?t of US. Provisional 
Patent Application Nos. 60/877,766, 60/877,767, 60/877, 
768, and 60/877,823, all of Which Were ?led Dec. 29, 2006; 
[0012] all of Which applications are incorporated by refer 
ence herein. 

BACKGROUND 

[0013] Modern computing systems execute a variety of 
requests concurrently and operate in a dynamic environment 
of cooperative systems, each comprising of numerous hard 
Ware components subject to failure or degradation. 
[0014] The need to regulate concurrent hardWare and soft 
Ware ‘events’ has led to the development of a ?eld Which may 
be generically termed ‘Workload Management.’ For the pur 
poses of this application, “events” comprise, but are not lim 
ited to, one or more signals, semaphores, periods of time, 
hardWare, software, business requirements, etc. 
[0015] Workload management techniques focus on manag 
ing or regulating a multitude of individual yet concurrent 
requests in a computing system by effectively controlling 
resource usage Within the computing system. Resources may 
include any component of the computing system, such as 
CPU (central processing unit) usage, hard disk or other stor 
age means usage, or l/O (input/output) usage. 
[0016] Workload management techniques fall short of 
implementing a full system regulation, as they do not manage 
unforeseen impacts, such as unplanned situations (e.g., a 
request volume surge, the exhaustion of shared resources, or 
external conditions like component outages) or even planned 
situations (e.g., systems maintenance or data load). 
[0017] Many different types of system conditions or events 
can impact negatively the performance of requests currently 
executing on a computer system. These events can remain 
undetected for a prolonged period of time, causing a com 
pounding negative effect on requests executing during that 
interval. When problematic events are detected, sometimes in 
an ad hoc and manual fashion, the computing system admin 
istrator may still not be able to take an appropriate course of 
action, and may either delay corrective action, act incorrectly 
or not act at all. 

[0018] A typical impact of not managing for system con 
ditions is to deliver inconsistent response times to users. For 
example, often systems execute in an environment of very 
cyclical usage over the course of any day, Week, or other 
business cycle. If a user ran a report near standalone on a 

Wednesday afternoon, she may expect that same performance 
With many concurrent users on a Monday morning. HoWever, 
based on the laWs of linear systems performance, a request 
simply cannot deliver the same response time When running 
stand-alone as When it runs competing With high volumes of 
concurrency. 
[0019] Therefore, While rule-based Workload management 
can be effective in a controlled environment Without external 
impacts, it fails to respond effectively When those external 
impacts are present. 

SUMMARY 

[0020] In general, in one aspect, the invention features a 
method for managing Workloads in a computer system, com 
prising monitoring system conditions and operating environ 
ment events that impact on the operation of the computer 
system, using an n-dimensional state matrix to identify at 
least one state resulting from the monitored system condi 
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tions and operating environment events, and initiating an 
action in response to the identi?ed state. 
[0021] In this context, the system condition is one of a 
system availability condition or a system performance con 
dition, and the operating environment event is one of a pre 
determined event, a scheduled event, a user-de?ned event, or 
a necessary change in Workload management. 
[0022] Implementations of the invention may include one 
or more of the folloWing. 
[0023] Each element of the state matrix is a system condi 
tion and operating environment event pair that references a 
Workload management state, Which in turn invokes one or 
more Workload management rules of a set of Workload man 
agement rules. The state matrix facilitates or manages con?ict 
resolution through the prioritization of each dimension 
thereof. 
[0024] A plurality of elements of the state matrix reference 
a common one of the states and thus invoke the same action. 
Only one state is in effect at any given time, based on the state 
matrix element referenced by a highest severity system con 
dition and a highest precedence operating environment event. 
The state persists until the state is changed or reset. 
[0025] The system conditions or operating environment 
events may have expiration times. The system conditions or 
operating environment events may have quali?cation times 
that require the state be sustained for some period of time. 
Finally, the system conditions or operating environment 
events may have minimum or maximum duration times to 
regulate state changes. 
[0026] In another aspect, the invention features a database 
system for accessing a database. The database system 
includes means for monitoring system conditions and oper 
ating environment events that impact on the operation of the 
computer system, means for using an n-dimensional state 
matrix to identify at least one state resulting from the moni 
tored system conditions and operating environment events, 
and means for initiating an action in response to the identi?ed 
state. 

[0027] In yet another aspect, the invention features a com 
puter program, stored on a tangible storage medium, for use in 
performing the method steps of monitoring system conditions 
and operating environment events that impact on the opera 
tion of the computer system, using an n-dimensional state 
matrix to identify at least one state resulting from the moni 
tored system conditions and operating environment events, 
and initiating an action in response to the identi?ed state. 
[0028] Other features and advantages Will become apparent 
from the description and claims that folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a block diagram of a node of a database 
system. 
[0030] FIG. 2 is a block diagram of a parsing engine. 
[0031] FIG. 3 is a How chart ofa parser. 
[0032] FIGS. 4-7 are block diagrams of a system for admin 
istering the Workload of a database system. 
[0033] FIG. 8 is a How chart of an event categorization and 
management system. 
[0034] FIG. 9 illustrates hoW conditions and events may be 
comprised of individual conditions or events and condition or 
event combinations. 

[0035] FIG. 10 is a table depicting an example rule set and 
Working value set. 
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[0036] FIG. 11 illustrates an n-dimensional matrix that is 
used to perform With automated Workload management. 

DETAILED DESCRIPTION 

[0037] The event management technique disclosed herein 
has particular application to large databases that might con 
tain many millions or billions of records managed by a data 
base system (“DBS”) 100, such as a Teradata Active Data 
Warehousing System available from NCR Corporation. FIG. 
1 shoWs a sample architecture for one node 1051 of the DBS 
100. The DBS node 1051 includes one or more processing 
modules 110l _ _ _ N, connected by a netWork 115 that manage 

the storage and retrieval of data in data storage facilities 120l 
. . .N. Each ofthe processing modules 110l _ _ _Nmay be one or 

more physical processors or each may be a virtual processor, 
With one or more virtual processors running on one or more 

physical processors. 
[0038] For the case in Which one or more virtual processors 
are running on a single physical processor, the single physical 
processor sWaps betWeen the set of N virtual processors. Each 
virtual processor is generally termed an Access Module Pro 
cessor (AMP) in the Teradata Active Data Warehousing Sys 
tem. 

[0039] For the case in Which N virtual processors are run 
ning on an M processor node, the node’s operating system 
schedules the N virtual processors to run on its set of M 
physical processors. If there are 4 virtual processors and 4 
physical processors, then typically each virtual processor 
Would run on its oWn physical processor. If there are 8 virtual 
processors and 4 physical processors, the operating system 
Would schedule the 8 virtual processors against the 4 physical 
processors, in Which case sWapping of the virtual processors 
Would occur. 

[0040] Each ofthe processing modules 110l _ _ _Nmanages 
a portion of a database that is stored in a corresponding one of 
the data storage facilities 120l _ _ _ N. Each of the data storage 

facilities 120 1 _ _ _ Nincludes one or more disk drives. The DBS 

may include multiple nodes 1052 _ _ _ N in addition to the 

illustrated node 1051, connected by extending the netWork 
115. 
[0041] The system stores data in one or more tables in the 
data storage facilities 120l _ _ _ N. The roWs 125l _ _ _ Z ofthe 

tables are stored across multiple data storage facilities 120l _ 
. . N to ensure that the system Workload is distributed evenly 

across the processing modules 110l _ _ _ N. A parsing engine 

130 organiZes the storage of data and the distribution of table 
roWs 125l _ _ _Zamong the processing modules 110l _ _ _N. The 

parsing engine 130 also coordinates the retrieval of data from 
the data storage facilities 120l _ _ _ N in response to queries 

received from a user at a mainframe 135 or a client computer 
140. The DBS 100 usually receives queries in a standard 
format, such as SQL. 
[0042] In one example system, the parsing engine 130 is 
made up of three components: a session control 200, a parser 
205, and a dispatcher 210, as shoWn in FIG. 2. The session 
control 200 provides the logon and logoff function. It accepts 
a request for authoriZation to access the database, veri?es it, 
and then either alloWs or disalloWs the access. 

[0043] Once the session control 200 alloWs a session to 
begin, a user may submit a SQL request that is routed to the 
parser 205. As illustrated in FIG. 3, the parser 205 interprets 
the SQL request (block 300), checks it for proper SQL syntax 
(block 305), evaluates it semantically (block 310), and con 
sults a data dictionary to ensure that all of the objects speci?ed 
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in the SQL request actually exist and that the user has the 
authority to perform the request (block 315). Finally, the 
parser 205 runs an optimizer (block 320) that develops the 
least expensive plan to perform the request. 
[0044] The DBS described herein accepts performance 
goals for each Workload as inputs, and dynamically adjusts its 
oWn performance, such as by allocating DBS resources and 
throttling back incoming Work. In one example system, the 
performance parameters are called priority scheduler param 
eters. When the priority scheduler is adjusted, Weights 
assigned to resource partitions and allocation groups are 
changed. Adjusting hoW these Weights are assigned modi?es 
the Way access to the CPU, disk and memory is allocated 
among requests. Given performance objectives for each 
Workload and the fact that the Workloads may interfere With 
each other’s performance through competition for shared 
resources, the DBS may ?nd a performance setting that 
achieves one Workload’s goal but makes it dif?cult to achieve 
another Workload’s goal. 
[0045] The performance goals for each Workload Will vary 
Widely as Well, and may or may not be related to their resource 
demands. For example, tWo Workloads that execute the same 
application and DBS code could have differing performance 
goals simply because they Were submitted from different 
departments in an organiZation. Conversely, even though tWo 
Workloads have similar performance objectives, they may 
have very different resource demands. 

[0046] The system includes a “closed-loop” Workload 
management architecture capable of satisfying a set of Work 
load-speci?c goals. In other Words, the system is a goal 
oriented Workload management system capable of supporting 
complex Workloads and capable of self-adjusting to various 
types of Workloads. In Teradata, the Workload management 
system is generally referred to as Teradata Active System 
Management (TASM). 
[0047] The system’s operation has four major phases: 1) 
assigning a set of incoming request characteristics to Work 
load groups, assigning the Workload groups to priority 
classes, and assigning goals (called Service Level Goals or 
SLGs) to the Workload groups; 2) monitoring the execution of 
the Workload groups against their goals; 3) regulating (adjust 
ing and managing) the Workload How and priorities to achieve 
the SLGs; and 4) correlating the results of the Workload and 
taking action to improve performance. The performance 
improvement can be accomplished in several Ways: 1) 
through performance tuning recommendations such as the 
creation or change in index de?nitions or other supplements 
to table data, or to recollect statistics, or other performance 
tuning actions, 2) through capacity planning recommenda 
tions, for example increasing system poWer, 3) through utili 
Zation of results to enable optimiZer self-leaming, and 4) 
through recommending adjustments to SLGs of one Work 
load to better complement the SLGs of another Workload that 
it might be impacting. All recommendations can either be 
enacted automatically, or after “consultation” With the data 
base administrator (DBA). 
[0048] The system includes the folloWing components (il 
lustrated in FIG. 4): 
[0049] 1) Administrator (block 405): This component pro 
vides a GUI to de?ne Workloads and their SLGs and other 
Workload management requirements. The administrator 405 
accesses data in logs 407 associated With the system, includ 
ing a query log, and receives capacity planning and perfor 
mance tuning inputs as discussed above. The administrator 

Nov. 20, 2008 

405 is a primary interface for the DBA. The administrator also 
establishes Workload rules 409, Which are accessed and used 
by other elements of the system. 
[0050] 2) Monitor (block 410): This component provides a 
top level dashboard vieW, and the ability to drill doWn to 
various details of Workload group performance, such as 
aggregate execution time, execution time by request, aggre 
gate resource consumption, resource consumption by 
request, etc. Such data is stored in the query log and other logs 
407 available to the monitor. The monitor also includes pro 
cesses that initiate the performance improvement mecha 
nisms listed above and processes that provide long term trend 
reporting, Which may including providing performance 
improvement recommendations. Some of the monitor func 
tionality may be performed by the regulator, Which is 
described in the next paragraph. 
[0051] 3) Regulator (block 415): This component dynami 
cally adjusts system settings and/or projects performance 
issues and either alerts the DBA or user to take action, for 
example, by communication through the monitor, Which is 
capable of providing alerts, or through the exception log, 
providing a Way for applications and their users to become 
aWare of, and take action on, regulator actions. Alternatively, 
the regulator can automatically take action by deferring 
requests or executing requests With the appropriate priority to 
yield the best solution given requirements de?ned by the 
administrator (block 405). 
[0052] The Workload management administrator (block 
405), or “administrator,” is responsible for determining (i.e., 
recommending) the appropriate application settings based on 
SLGs. Such activities as setting Weights, managing active 
Work tasks and changes to any and all options Will be auto 
matic and taken out of the hands of the DBA. The user Will be 
masked from all complexity involved in setting up the priority 
scheduler, and be freed to address the business issues around 
it. 

[0053] As shoWn in FIG. 5, the Workload management 
administrator (block 405) alloWs the DBA to establish Work 
load rules, including SLGs, Which are stored in a storage 
facility 409, accessible to the other components of the system. 
The DBA has access to a query log 505, Which stores the steps 
performed by the DBS in executing a request along With 
database statistics associated With the various steps, and an 
exception log/queue 510, Which contains records of the sys 
tem’s deviations from the SLGs established by the adminis 
trator. With these resources, the DBA can examine past per 
formance and establish SLGs that are reasonable in light of 
the available system resources. In addition, the system pro 
vides a guide for creation of Workload rules 515 Which guides 
the DBA in establishing the Workload rules 409. The guide 
accesses the query log 505 and the exception log/ queue 510 in 
providing its guidance to the DBA. 
[0054] The administrator assists the DBA in: a) Establish 
ing rules for dividing requests into candidate Workload 
groups, and creating Workload group de?nitions. Requests 
With similar characteristics (users, application, table, 
resource requirement, etc.) are assigned to the same Workload 
group. The system supports the possibility of having more 
than one Workload group With similar system response 
requirements. b) Re?ning the Workload group de?nitions and 
de?ning SLGs for each Workload group. The system provides 
guidance to the DBA for response time and/or arrival rate 
threshold setting by summarizing response time and arrival 
rate history per Workload group de?nition versus resource 
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utilization levels, which it extracts from the query log (from 
data stored by the regulator, as described below), allowing the 
DBA to know the current response time and arrival rate pat 
terns. The DBA can then cross-compare those patterns to 
satisfaction levels or business requirements, if known, to 
derive an appropriate response time and arrival rate threshold 
setting, i.e., an appropriate SLG. After the administrator 
speci?es the SLGs, the system automatically generates the 
appropriate resource allocation settings, as described below. 
These SLG requirements are distributed to the rest of the 
system as workload rules. c) Optionally, establishing priority 
classes and assigning workload groups to the classes. Work 
load groups with similar performance requirements are 
assigned to the same class. d) Providing proactive feedback 
(i.e.: Validation) to the DBA regarding the workload groups 
and their SLG assignments prior to execution to better assure 
that the current assignments can be met, i.e., that the SLG 
assignments as de?ned and potentially modi?ed by the DBA 
represent realistic goals. The DBA has the option to re?ne 
workload group de?nitions and SLG assignments as a result 
of that feedback. 

[0055] The internal monitoring and regulating component 
(regulator 415), illustrated in more detail in FIG. 6, accom 
plishes its objective by dynamically monitoring the workload 
characteristics (de?ned by the administrator) using workload 
rules or other heuristics based on past and current perfor 
mance of the system that guide two feedback mechanisms. It 
does this before the request begins execution and at periodic 
intervals during query execution. Prior to query execution, an 
incoming request is examined to determine in which work 
load group it belongs, based on criteria as described in more 
detail below. Concurrency levels, i.e., the numbers of concur 
rent executing queries from each workload group, are moni 
tored, and if current workload group concurrency levels are 
above an administrator-de?ned threshold, a request in that 
workload group waits in a queue prior to execution until the 
concurrency level subsides below the de?ned threshold. 
Query execution requests currently being executed are moni 
tored to determine if they still meet the criteria of belonging in 
a particular workload group by comparing request execution 
characteristics to a set of exception conditions. If the result 
suggests that a request violates the rules associated with a 
workload group, an action is taken to move the request to 
another workload group or to abort it, and/or alert on or log 
the situation with potential follow-up actions as a result of 
detecting the situation. Current response times and through 
put of each workload group are also monitored dynamically 
to determine if they are meeting SLGs. A resource weight 
allocation for each performance group can be automatically 
adjusted to better enable meeting SLGs using another set of 
heuristics described with respect to FIG. 6. 

[0056] As shown in FIG. 6, the regulator 415 receives one 
or more requests, each of which is assigned by an assignment 
process (block 605) to a workload group and, optionally, a 
priority class, in accordance with the workload rules 409. The 
assigned requests are passed to a workload query (delay) 
manager 610, which is described in more detail with respect 
to FIG. 7. In general, the workload query (delay) manager 
monitors the workload performance compared to the work 
load rules and either allows the request to be executed imme 
diately or holds it for later execution, as described below. If 
the request is to be executed immediately, the workload query 
(delay) manager 610 places the request in the priority class 
bucket 620a _ _ _ S corresponding to the priority class to which 
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the request was assigned by the administrator 405. A request 
processor under control of a priority scheduler facility (PSF) 
625 selects queries from the priority class buckets 620a _ _ _S, in 
an order determined by the priority associated with each of 
the buckets, and executes it, as represented by the processing 
block 630 on FIG. 6. 

[0057] The request processor 625 also monitors the request 
processing and reports throughput information, for example, 
for each request and for each workgroup, to an exception 
monitoring process 615. The exception monitoring process 
615 compares the throughput with the workload rules 409 and 
stores any exceptions (e.g., throughput deviations from the 
workload rules) in the exception log/queue. In addition, the 
exception monitoring process 615 provides system resource 
allocation adjustments to the request processor 625, which 
adjusts system resource allocation accordingly, e.g., by 
adjusting the priority scheduler weights. Further, the excep 
tion monitoring process 615 provides data regarding the 
workgroup performance against workload rules to the work 
load query (delay) manager 610, which uses the data to deter 
mine whether to delay incoming requests, depending on the 
workload group to which the request is assigned. 
[0058] As can be seen in FIG. 6, the system provides two 
feedback loops, indicated by the circular arrows shown in the 
drawing. The ?rst feedback loop includes the request proces 
sor 625 and the exception monitoring process 615. In this ?rst 
feedback loop, the system monitors on a short-term basis the 
execution of requests to detect deviations greater than a short 
term threshold from the de?ned service level for the workload 
group to which the requests were de?ned. If such deviations 
are detected, the DBS is adjusted, e.g., by adjusting the 
assignment of system resources to workload groups. The 
second feedback loop includes the workload query (delay) 
manager 610, the request processor 625 and the exception 
monitoring process 615. In this second feedback loop, the 
system monitors on a long-term basis to detect deviations 
from the expected level of service greater than a long-term 
threshold. If it does, the system adjusts the execution of 
requests, e.g., by delaying, swapping out or aborting requests, 
to better provide the expected level of service. Note that 
swapping out requests is one form of memory control in the 
sense that before a request is swapped out it consumes 
memory and after it is swapped out it does not. While this is 
the preferable form of memory control, other forms, in which 
the amount of memory dedicated to an executing request can 
be adjusted as part of the feedback loop, are also possible. 
[0059] The workload query (delay) manager 610, shown in 
greater detail in FIG. 7, receives an assigned request as an 
input. A comparator 705 determines if the request should be 
queued or released for execution. It does this by determining 
the workload group assignment for the request and compar 
ing that workload group’s performance against the workload 
rules, provided by the exception monitoring process 615. For 
example, the comparator 705 may examine the concurrency 
level of requests being executed under the workload group to 
which the request is assigned. Further, the comparator may 
compare the workload group’s performance against other 
workload rules. 

[0060] If the comparator 705 determines that the request 
should not be executed, it places the request in a queue 710 
along with any other requests for which execution has been 
delayed. The comparator 705 continues to monitor the work 
group’s performance against the workload rules and when it 
reaches an acceptable level, it extracts the request from the 
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queue 710 and releases the request for execution. In some 
cases, it is not necessary for the request to be stored in the 
queue to Wait for Workgroup performance to reach a particu 
lar level, in Which case it is released immediately for execu 
tion. 
[0061] Once a request is released for execution it is dis 
patched (block 715) to priority class buckets 620a _ _ _ S, Where 
it Will aWait retrieval by an AMP Worker Task (AWT) 625. 
[0062] The exception monitoring process 615, receives 
throughput information from the AWT 625. A Workload per 
formance to Workload rules comparator 805 compares the 
received throughput information to the Workload rules and 
logs any deviations that it ?nds in the exception log/queue 
510. It also generates the Workload performance against 
Workload rules information that is provided to the Workload 
query (delay) manager 610. 
[0063] As stated above, a series of AMP Worker Task 
(AWT) process the requests. An AWT is a thread/task that 
runs inside of each virtual AMP. AnAWT is generally utiliZed 
to process requests/queries from users, but may also be trig 
gered or used by internal database softWare routines, such as 
deadlock detection. 
[0064] Pre-allocated AWTs are assigned to each AMP and 
Work on a queue system. That is, each AWT Waits for Work to 
arrive, performs the Work, and then returns to the queue and 
Waits for more Work. Due to their stateless condition, AWTs 
respond quickly to a variety of database execution needs. At 
the same time, AWTs serve to limit the number of active 
processes performing database Work Within eachAMP at any 
point in time. In other Words, AWTs play the role of both 
expeditor and governor of requests/queries. 
[0065] AMP Worker tasks are one of several resources that 
support the parallel performance architecture Within the Tera 
data database. AMP Worker tasks are of a ?nite number, With 
a limited number available to perform neW Work on the sys 
tem. This ?nite number is an orchestrated part of the internal 
Work How management in Teradata. Reserving a special set of 
reserve pools for single and feW-AMP queries may be ben 
e?cial for active data Warehouse applications, but only after 
establishing a need exists. Understanding and appreciating 
the role of AMP Worker tasks, both in their availability and 
their scarcity, leads to the need for a more pro-active manage 
ment of AWTs and their usage. 
[0066] AMP Worker tasks are execution threads that do the 
Work of executing a query step, once the step is dispatched to 
the AMP. They also pick up the Work of spaWned processes, 
and of internal tasks such as error logging or aborts. Not being 
tied to a particular session or transaction, AMP Worker tasks 
are anonymous and immediately reusable and are able to take 
advantage of any of the CPUs. Both AMPs and AWTs have 
equal access to any CPU on the node. A ?xed number of 
AWTs are pre-allocated at startup for each AMP in the con 
?guration, With the default number being 80. All of the allo 
cated AWTs can be active at the same time, sharing the CPUs 
and memory on the node. 

[0067] When a query step is sent to an AMP, that step 
acquires a Worker task from the pool of available AWTs. All 
of the information and context needed to perform the database 
Work is contained Within the query step. Once the step is 
complete, the AWT is returned to the pool. If all AMP Worker 
tasks are busy at the time the mes sage containing the neW step 
arrives, then the message Will Wait in a queue until anAWT is 
free. Position in the queue is based ?rst on Work type, and 
secondarily on priority, Which is carried Within the message 
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header. Priority is based on the relative Weight that is estab 
lished for the Priority Scheduler allocation group that con 
trols the query step. Too much Work can ?ood the best of 
databases. Consequently, all database systems have built-in 
mechanisms to monitor and manage the How of Work in a 
system. In a parallel database, ?oW control becomes even 
more pressing, as balance is only sustained When all parallel 
units are getting their fair portion of resources. 
[0068] The Teradata database is able to operate near the 
resource limits Without exhausting any of them by applying 
control over the How of Work at the loWest possible level in the 
system. Each AMP monitors its oWn utiliZation of critical 
resources, AMP Worker tasks being one. If no AWTs are 
available, it places the incoming messages on a queue. If 
messages Waiting in the queue for an AWT reach a threshold 
value, further message delivery is throttled for that AMP, 
alloWing Work already underWay to complete. Other AMPs 
continue to Work as usual. 

[0069] One technique that has proven highly effective in 
helping Teradata to Weather extremely heavy Workloads is 
having a reasonable limit on the number of active tasks on 
each AMP. The theory behind setting a limit on AWTs is 
tWofold: 1.) That it is better for overall throughput to put the 
brakes on before exhaustion of all resources is reached; and 
2.) Keeping all AMPs to a reasonable usage level increases 
parallel e?iciency. HoWever this is not a reasonable approach 
in a Dynamic environment. 
[0070] Ideally, the minimum number of AWTs that can 
fully utiliZe the available CPU and I/O are employed. After 
full use of resources has been attained, adding AWTs Will 
only increase the effort of sharing. As standard queueing 
theory teaches, When a system has not reached saturation, 
neWly-arriving Work can get in, use its portion of the 
resources, and get out ef?ciently. HoWever, When resources 
are saturated, all neWly-arriving Work experiences delays 
equal to the time it takes someone else to ?nish their Work. In 
the Teradata database, the impact of any delay due to satura 
tion of resources may be aggravated in cases Where a query 
has multiple steps, because there Will be multiple places 
Where a delay could be experienced. 
[0071] In one particular implementation of the Teradata 
database, 80 (eighty) is selected as the maximum number of 
AWTs, to provide the best balance betWeen AWT overhead 
and contention and CPU and I/ O usage. Historically, 80 has 
Worked Well as a number that makes available a reasonable 
number of AWTs for all the different Work types, and yet 
supports up to 40 or 50 neW tasks per AMP comfortably. 
HoWever, managing AWTs is not alWays a solution to 
increased demands on the DBS. In some cases, an increased 
demand on system resources may have an underlying cause, 
such that simply increasing the number of available AWTs 
may only serve to temporarily mask, or even Worsen the 
demand on resources. 

[0072] For example, one of the manifestations of resource 
exhaustion is a lengthening queue for processes Waiting for 
AWTs. Therefore, performance may degrade coincident With 
a shortage of AWTs. HoWever, this may not be directly attrib 
utable to the number of AWTs de?ned. In this case, adding 
AWTs Will tend to aggravate, not reduce, performance issues. 
[0073] Using all 80 AWTs in an on-going fashion is a symp 
tom that resource usage is being sustained at a very demand 
ing level. It is one of several signs that the platform may be 
running out of capacity. Adding AWTs may be treating the 
effect, but not helping to identify the cause of the performance 
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problem. On the other hand, many Teradata database systems 
Will reach 100% CPU utilization With signi?cantly less than 
50 active processes of the neW Work type. Some sites experi 
ence their peak throughput When 40 AWTs are in use servic 
ing neW Work. By the time many systems are approaching the 
limit of 80AWTs, they are already at maximum levels of CPU 
or I/O usage. 

[0074] In the case Where the number of AWTs is reaching 
their limit, it is likely that a lack ofAWTs is merely a symptom 
of a deeper underlying problem or bottleneck. Therefore, it is 
necessary to carry out a more thorough investigation of all 
events in the DBS, in an attempt to ?nd the true source of any 
sloWdoWns. For example, the underlying or ‘real’ reason for 
an increase in CPU usage or an increase in the number of 
AWTs may be a hardWare failure or an arrival rate surge. 

[0075] Another issue that can impact system-Wide perfor 
mance is a Workload event, such as the beginning or conclu 
sion of a load or another maintenance job that can introduce 
locks or other delays into the DBS or simply trigger the need 
to change the Workload management scheme for the duration 
of the Workload event. The DBS provides a scheduled envi 
ronment that manages priorities and other Workload manage 
ment controls in operating ‘WindoWs’ that trigger at certain 
times of the day, Week, and/or month, or upon receipt of a 
Workload event. 
[0076] To manage Workloads among these dynamic, sys 
tem-Wide situations, it is important to ?rstly classify the types 
of various system events that can occur in a DBS, in order to 
better understand the underlying causes of inadequate perfor 
mance. As shoWn in FIG. 8, a plurality of conditions and 
events are monitored (block 800) and then identi?ed (block 
805) so that they can be classi?ed into at least 2 general 
categories: 

[0077] 1. System Conditions (block 810), i.e., system 
availability or performance conditions; and 

[0078] 2. Operating Environment Events (block 815). 
[0079] System Conditions 810 can include a system avail 
ability condition, such as a hardWare component failure or 
recovery, or any other condition monitored by a TASM moni 
tored queue. This may include a Wide range of hardWare 
conditions, from the physical degradation of hardWare (e.g., 
the identi?cation of bad sectors on a hard disk) to the inclu 
sion of neW hardWare (e.g., hot sWapping of CPUs, storage 
media, addition of I/ O or netWork capabilities, etc.) It can also 
include conditions external to the DBS as relayed to the DBS 
from the enterprise, such as an application serverbeing doWn, 
or a dual/redundant system operating in degraded mode. 
[0080] System Conditions 810 can also include a system 
performance condition, such as sustained resource usage, 
resource depletion, resource skeW or missed Service Level 

Goals (SLGs). 
[0081] An example of a system performance condition is 
the triggering of an action in response to an ongoing use (or 
non-use) of a system resource. For example, if there is loW 
sustained CPU and IO for some qualifying time, then a sched 
ule background task may be alloWed to run. This can be 
achieved by lifting throttle limits, raising priority Weights 
and/ or other means. Correspondingly, if the system returns to 
a high sustained use of the CPU and IO, then the background 
task is reduced (e.g., terminated, priority Weights loWered, 
throttle limits loWered, etc). 
[0082] Another example of a system performance condi 
tion is Where a condition is detected due to an increase in the 
time taken to process a given individual request or Workload 
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group. For example, if the average response time is greater 
than the SLG for a given time interval, then there may be an 
underlying system performance condition. 
[0083] Yet another example may be a sudden increase in the 
number of AWTs invoked (as described earlier). 
[0084] In other Words, system performance conditions can 
include the folloWing: 

[0085] 1. Any sustained high or loW usage of a resource, 
such as high CPU usage, high IO usage, a higher than 
average arrival rate, or a high concurrency rate; 

[0086] 2. Any unusual resource depletion, such as run 
ning out of AWTs, problems with How control, and 
unusually high memory usage; 

[0087] 3. Any system skeW, such as overuse of a particu 
lar CPU in a CPU cluster, or AWT overuse in a AWT 

cluster; and 
[0088] 4. Missed SLGs. 

[0089] The second type of detection is an Operating Envi 
ronment Event 815. Such events can be predetermined or 
scheduled, in that a user or administrator of the system pre 
de?nes the event at some point during the operation of the 
DBS. HoWever, in some instances, Operating Environment 
Events 815 can occur Without any appreciable notice being 
given to the DBS or to users. The event may be time based, 
business event based or based on any other suitable criteria. 

[0090] Operating Environment Events 815 can also be 
de?ned and associated With the beginning and completion of 
a particular application job. A user-de?ned event can be sent 
by the application and received by the DBS. This triggers the 
regulator of the DBS to operate in the ruleset’s Working values 
associated With this event. For example, the Working values 
could direct the DBS to give higher priority to Workloads 
associated With month-end processing, or loWer priority asso 
ciated With Workloads doing “regular” Work, to enable 
throttles for non-critical Work, and enable ?lters on Work 
loads that interfere With month-end processing reporting con 
sistency such as might happen When data is being updated 
While it is being reported on. 
[0091] In another example, a user may de?ne actions asso 
ciated With the start of a daily load against a table X. This 
request triggers a phased set of actions: 

[0092] 1. Upon the “Begin Acquisition Phase” of Multi 
Load to Table X; 

[0093] Promote the priority of all queries that involve 
table X; 

[0094] At the same time, restrict the ability for neW que 
ries involving table X from starting until after the data 
load is completed. Do this through delay, scheduling or 
disalloWing the query upon request; 

[0095] 2. Upon completion of the acquisition phase and 
the beginning of the “Apply Phase”, previously pro 
moted queries that are still running are aborted (‘Times 
UP”); 

[0096] 3. Upon completion of data load, lift restrictions 
on queries involving table X, and alloW scheduled and 
delayed queries to resume. 

[0097] Another example is to alloW the user to de?ne and 
automate ruleset Working value changes based on a user 
event (rather than resource or time changes). For example, 
users may Want resource allocation to change based on a 
business calendar that treats Weekends and holidays differ 
ently from Weekdays, and normal processing differently from 
quarterly or month-end processing. 
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[0098] As these events are generally driven by business or 
user considerations, and not necessarily by hardware or soft 
ware considerations, they are dif?cult to predict in advance. 
[0099] Thus, upon detection of any of System Conditions 
810 or Operating Environments Events 815, one or more 
actions can be triggered. In this regard, Block 820 determines 
whether the detected System Conditions 810 or Operating 
Environments Events 815 are resolvable. 
[0100] The action taken in response to the detection of a 
particular condition or event will vary depending on the type 
of condition or event detected. The automated action will fall 
into one of four broad categories (as shown in FIG. 8): 
[0101] 1. Notify (block 825); 
[0102] 2. Change the Workload Management Ruleset’s 
Working Values (block 830); 
[0103] 3. Initiate an automated response (block 835); and 
[0104] 4. Log the event or condition, if the condition or 
event is not recogniZed (block 840). 
[0105] Turning to the ?rst possible automated action, the 
system may notify either a person or another software appli 
cation/component including, users, the DBA, or a reporting 
application. Noti?cation can be through one or more noti? 
cation approaches: 
[0106] Noti?cation through a TASM event queue moni 
tored by some other application (for example, “tell users to 
expect slow response times”); 
[0107] Noti?cation through sending an Alert; and/ or 
[0108] Noti?cation (including diagnostic drill-down) 
through automation execution of a program or a stored pro 
cedure. 
[01 09] Noti?cation may be preferable where the system has 
no immediate way in which to ameliorate or rectify the con 
dition, or where a user’s expectation needs to be managed. 
[0110] A second automated action type is to change the 
Workload Management Ruleset’s working values. 
[0111] FIG. 9 illustrates how conditions and events may be 
comprised of individual conditions or events and condition or 
event combinations, which in turn cause the resulting actions. 
[0112] The following is a table that represents kinds of 
conditions and events that can be detected. 
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states with two or more levels of logical operators, for 
example, given four individual states, el through e4: 

Operator Levels Logical Expression 

0 el 
1 el OR e2 
1 e1 AND e2 

2 (e1 OR e2)AND (e3 OR e4) 
2 (e1 AND e2 AND (e3 OR e4)) 

[0114] Combinations cause one more actions when the 
logical expressions are evaluated to be “true.” The following 
table outlines the kinds of actions that are supported. 

Type Description 

Alert Use the alert capability to generate an alert. 
Program Execute a program to be named. 
Queue Table Write to a (well known) queue table. 
SysCon Change the System Condition. 
OpEnv Change the Operating Environment. 

[0115] As shown in FIG. 10, the DBS has a number ofrules 
(in aggregation termed a ruleset) which de?ne the way in 
which the DBS operates. The rules include a name (block 
1000), attributes (block 1005), which describes what the rules 
do (e.g., session limit on user Jane) and working values 
(WVs) (block 1010), which are ?ags or values that indicate 
whether the rule is active or not and the particular setting of 
the value. A set of all WVs for all the rules contained in a 
Ruleset is called a ‘Working Value Set (WVS).’ 
[0116] A number of‘ states’ can be de?ned, each state being 
associated with a particular WVS (i.e., a particular instance of 
a rule set). By swapping states, the working values of the 
workload management ruleset are changed. 
[0117] This process is best illustrated by a simple example. 
At FIG. 10, there is shown a particular WVS which, in the 

Class Type Description 

Operating (Time) Period These are the current Periods representing intervals of 
Environment time during the day, week, or month. The system 
Event monitors the system time, automatically causing an 

event when the period starts, and it will last until the 
period ends. 

User De?ned These are used to report anything that could conceivably 
(Extemal)* change an operating environment, such as application 

events. They last until rescinded or optionally time out. 
System Performance DBS components degrade or fail, or resources go below 
Condition and some threshold for some period of time. The system 

Availability will do the monitoring of these events. Once detected, 
the system will keep the event in effect until the 
component is back up or the resource goes back above 
the threshold value for some minimal amount of time. 

User De?ned These are used to report anything that could conceivably 
(Extemal)* change a system condition, such as dual system failures. 

They last until rescinded or optionally time out. 

[0113] Operating Environment Events and System Condi example, is associated with the state ‘X’. State X, in the 
tion combinations are logical expressions of states. The sim 
plest combinations are comprised of just one state. More 
complex combinations can be de?ned that combine multiple 

example, is a state that is invoked when the database is at 
almost peak capacity, Peak capacity, in the present example, 
is determined by detecting one of two events, namely that the 



US 2008/0288946 A1 

arrival rate of jobs is greater than 50 per minute, or alterna 
tively, that there is a sustained CPU usage of over 95% for 600 
seconds. State X is designed to prevent resources being chan 
neled to less urgent Work. In state X, FilterA (block. 1015), 
Which denies access to table ‘Zoo’ (Which contains cold data 
and is therefore not required for urgent Work), is enabled. 
Furthermore, Throttle M (block 1020), Which limits the num 
ber of sessions to user ‘Jane’ (a user Who Works in the mar 
keting department, and therefore does not normally have 
urgent requests), is also enabled. State ‘X’ is therefore skeWed 
toWards limiting the interaction that user Jane has With the 
DBS, and is also skeWed toWards limiting access to table Zoo, 
so that the DBS can allocate resources to urgent tasks in 
preference to non-urgent tasks. 
[0118] A second state ‘Y’ (not shoWn) may also be created. 
In State ‘Y’, the corresponding rule set disables ?lter ‘A’, and 
increases Jane’s session limit to 6 concurrent sessions. There 
fore, State ‘Y’ may only be invoked When resource usage falls 
beloW a predetermined level. Each state is predetermined 
(i.e., de?ned) beforehand by a DBA. Therefore, each ruleset, 
Working value set and state requires some input from a user or 
administrator that has some knoWledge of the usage patterns 
of the DBS, knoWledge of the data contained in the database, 
and perhaps even knoWledge of the users. Knowledge of 
Workloads, their importance, their characteristic is most 
likely required more-so than the same understanding of indi 
vidual rules. Of course, as a user de?nes Workloads, most of 
that has already come to light, i.e., What users and requests are 
in a Workload, hoW important or critical is the Workload, etc.). 
A third action type is to resolve the issue internally. Resolu 
tion by the DBS is in some cases a better approach to resolv 
ing issues, as it does not require any input from a DBA or a 
user to de?ne rules-based actions. 

[0119] Resolution is achieved by implementing a set of 
internal rules Which are activated on the basis of the event 
detected and the Enforcement Priority of the request along 
With other information gathered through the exception moni 
toring process. 
[0120] Some examples of automated action Which result in 
the automatic resolution of issues are given beloW. This list is 
not exhaustive and is merely illustrative of some types of 
resolution. 
[0121] For the purposes ofthis example, it is assumed that 
the event that is detected is a longer than average response 
time (i.e., an exception monitor detects that the response time 
SLG is continually exceed for a given time and percentage). 
The ?rst step in launching an automated action is to determine 
Whether an underlying cause can be identi?ed. 

[0122] For example, is the AWT pool the cause of the 
longer than average response time? This is determined by 
seeing hoW many AWTs are being used. If the number of idle 
orAWTs is very loW, theAWT pool is automatically increased 
to the maximum alloWed (normally 80 in a typical Teradata 
system). 
[0123] The SLG is then monitored to determine Whether 
the issue has been ameliorated. When the SLG is satisfactory 
for a qualifying time, the AWT poolsiZe is progressively 
decreased until a suitable Workable value is found. 

[0124] HoWever, the AWT pool may not be the cause of the 
event. Through the measuring of various system performance 
indicators, it may be found that the Arrival Rate is the cause of 
decreased performance. Therefore, rather than limiting on 
concurrency, the DBS can use this information to take the 
action of limiting the arrival rate (i.e., throttle back the arrival 
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rate to a de?ned level, rather than alloWing queries to arrive at 
unlimited rates). This provides an added ability to control the 
volume of Work accepted per WD. 
[0125] Alternatively, there may be some WDs at same or 
loWer enforcement exceeding their anticipated arrival rates by 
some qualifying time and amount. This is determined by 
revieWing the anticipated arrival rate as de?ned by the SLG. 
[0126] If there are WDs at the same or loWer enforcement 
exceeding their anticipated arrival rates, the WD’s concur 
rency level is decreased to a minimum loWer limit. 
[0127] The SLG is then monitored, and When the SLG 
returns to a satisfactory level for a qualifying time, the con 
currency level is increased to a de?ned normal level (or elimi 
nated if no concurrency level Was de?ned originally). 
[0128] If the event cannot be easily identi?ed or catego 
rized by the DBS, then the event is simply logged as a ‘un 
resolvable’ problem. This provides information Which can be 
studied at a later date by a user and/or DBA, With a vieW to 
identifying neW and systemic problems previously unknoWn. 
[0129] The embodiment described herein, through a mix 
ture of detection and management techniques, seeks to cor 
rectly manage users’ expectations and concurrently smooth 
the peaks and valleys of usage. Simply being aWare of the 
current or projected usage of the DBS may be a viable solu 
tion to smoothing peaks and valleys of usage. For example, if 
a user knoWs that he needs to run a particular report “some 
time today,” he may avoid a high usage (and sloW response) 
time in the morning in favor of a loWer usage time in the 
afternoon. Moreover, if the Work cannot be delayed, insight 
into DBS usage can, at the very least, help set reasonable 
expectations. 
[0130] Moreover, the predetermined response to events, 
through the invocation of different ‘ states’ (i.e., changes in the 
ruleset’s Working values) can also assist in smoothing peaks 
and valleys of usage. The embodiment described herein addi 
tionally seeks to manage automatically to better meet SLGs, 
in light of extenuating circumstances such as hardWare fail 
ures, enterprise issues and business conditions. 
[0131] HoWever, automated Workload management needs 
to act differently depending on What states are active on the 
system at any given time. Each unique combination of con 
ditions and events could constitute a unique state With unique 
automated actions. Given a myriad of possible condition and 
event types and associated values, a combinatorial explosion 
of possible states can exist, making rule-based automated 
Workload management a very daunting and error-prone task. 
For example, given just 15 different condition and event types 
that get monitored, each With a simple on or off value, there 
can be as many as 2l5:32,768 possible combinations of 
states. This number only increases as the number of unique 
condition and event types or the possible values of each 
monitored condition or event type increases. 

[0132] A DBA managing the rules-based management sys 
tem, after identifying each of these many states must also to 
designate a unique action for each state. The DBA Would 
further need to associate priority to each state such that if 
more than one state Were active at a given time, the automated 
Workload management scheme Would knoW Which action 
takes precedence if the actions con?ict. In general, the DBA 
Would ?nd these task overWhelming or even impossible, as it 
is extremely di?icult to get one’s arms around such an envi 
ronment. 

[0133] To solve this problem associated With automated 
Workload management, or any rule-driven system in general, 
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the present invention introduces an n-dimensional matrix to 
tame the combinatorial explosion of states and to provide a 
simpler perspective to the rules-based environment. Choos 
ing tWo or more Well-knoWn key dimensions provides a per 
spective that guides the DBA to knoW Whether or not he has 
identi?ed all the important combinations, and minimiZes the 
number of unique actions required When various combina 
tions occur. Given that n<total possible event types that can be 
active, each unique event or event combination is collapsed 
into a ?nite number of one of the n-dimension elements. 

[0134] In one embodiment, for example, as shoWn in FIG. 
11, a tWo-dimensional state matrix 1100 may be used, 
Wherein the ?rst dimension 1105 represents the System Con 
dition (SysCon) and the second dimension 1110 represents 
the Operating Environment Events (OpEnv). As noted above, 
System Conditions 1105 represent the “condition” or 
“health” of the system, e.g., degraded to the “red” system 
condition because a node is doWn, While Operating Environ 
ment Events 1110 represent the “kind of Work” that the sys 
tem is being expected to perform, e. g., Within an Interactive or 
Batch operational environment, Wherein Interactive takes 
precedence over Batch. 
[0135] Each element 1115 of the state matrix 1100 is a 
<SysCon, OpEnv> pair that references a Workload manage 
ment state, Which in turn invokes a single WVS instance of the 
Workload management ruleset. Multiple matrix 1100 ele 
ments may reference a common state and thus invoke the 
same WVS instance of the Workload management ruleset. 
HoWever, only one state is in effect at any given time, based on 
the matrix 1100 element 1115 referenced by the highest 
SysCon severity and the highest OpEnv precedence in effect. 
HoWever, a System Condition, Operating Environment 
Event, or state can change as speci?ed by directives de?ned 
by the DBA. One of the main bene?ts of the states matrix 
1100 is that the DBA does not specify a state change directly, 
but must do so indirectly through directives that change the 
SysCon or OpEnv. 
[0136] When a particular condition or event combination is 
evaluated to be true, it is mapped to one of the elements 1115 
of one of the dimensions of the matrix 1100. For example, 
given the condition “if AMP Worker Tasks available is less 
than 3 and Workload X’s Concurrency is greater than 100” is 
“true,” it may map to the System Condition of RED. In 
another example, an event of “Monday through Friday 
betWeen 7 AM and 6 PM” When “true” Would map to the 
Operating Environment Event of OPERATIONAL_QUE 
RIES. 

[0137] The combination of <RED, OPERATIONAL_ 
QUERIES>, per the corresponding matrix 1100 element 
1115, maps to a speci?c Workload management state, Which 
in turn invokes the WVS instance of the Workload manage 
ment ruleset named WVS#21. Unspeci?ed combinations 
Would map to a default System Condition and a default Oper 
ating Environment. 
[0138] Further, a state identi?ed in one element 1115 of the 
matrix 1100 can be repeated in another element 1115 of the 
matrix 1100. For example, in FIG. 11, WVS#33 is the chosen 
Workload management rule When the <SysCon, OpEnv> pair 
is any of: <RED, QUARTERLY_PROCESSING>, <YEL 
LOW, QUARTERLY_PROCESSING> or <RED, END_OF_ 
WEEK_PROCESSING>. 
[0139] The effect of all this is that the matrix 1100 manages 
all possible states. In the example of FIG. 11, 12 event com 
binations comprise 212:4096 possible states. HoWever, the 
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2-dimensional matrix 1100 of FIG. 11, With 3 System Con 
ditions and 4 Operating Environment Events, yields at the 
most 4><3Il2 states, although less than 12 states may be used 
because of the ability to share states among different 
<SysCon, OpEnv> pairs in the matrix 1100. 
[0140] In addition to managing the number of states, the 
matrix 1100 facilitates con?ict resolution. Suppose that more 
than one condition or event combination Were true at any 

given time. Without the state matrix 1100, a list of 4096 
possible states Would need to be prioritized by the DBA to 
determine Which Workload management rules should be 
implemented, Which Would be a daunting task. The matrix 
1100 greatly diminishes this challenge through the prioriti 
Zation of each dimension. 

[0141] For example, the values of the System Condition 
dimension are Green, YelloW and Red, Wherein YelloW is 
more severe, or has higher precedence over Green, and Red is 
more severe or has higher precedence over YelloW as Well as 
Green. If tWo condition and event combinations Were to 
evaluate as “true” at the same time, one thereby mapping to 
YelloW and the other mapping to Red, the condition and event 
combination associated With Red Would have precedence 
over the condition and event combination associated With 
YelloW. 

[0142] Consider the folloWing examples. In a ?rst example, 
there may be a con?ict resolution in the System Condition 
dimension betWeen “Red,” Which has precedence (e.g., is 
more “severe”) over “Yellow.” If a node is doWn/migrated, 
then a “Red” System Condition exists. If a dual system is 
doWn, then a “Yellow” System Condition exists. If a node is 
doWn/migrated and a dual system is doWn, then the “Red” 
System Condition has precedence. 
[0143] In a second example, there may be a con?ict reso 
lution in the Operating Environment Event dimension 
betWeen a “Daily Loads” event, Which has precedence over 
“Operational Queries” events. At 8 AM, the Operating Envi 
ronment Event may trigger the “Operational Queries” event. 
HoWever, if loads are running, then the Operating Environ 
ment Event may also trigger the “Daily Loads” event. If it is 
8 AM and the loads are still running, then the “Daily Loads” 
Operating Environment Event takes precedence. 
[0144] Once detected, it is the general case that a condition 
or event status is remembered (persists) until the status is 
changed or reset. HoWever, conditions or events may have 
expiration times, such as for user-de?ned conditions and 
events, for situations Where the status fails to reset once the 
condition or event changes. Moreover, conditions or events 
may have quali?cation times that require the state be sus 
tained for some period of time, to avoid thrashing situations. 
Finally, conditions or events may have minimum and maxi 
mum duration times to avoid frequent or infrequent state 
changes. 
[0145] In summary, the state matrix of the present invention 
has a number of advantages. The state matrix introduces 
simplicity for the vast majority of user scenarios by prevent 
ing an explosion in state handing through a simple, under 
standable n-dimensional matrix. To maintain this simplicity, 
best practices Will guide the system operator to feWer rather 
than many SysCon and OpEnv values. It also maintains mas 
ter control of WVS on the system, but can also support very 
complex scenarios. In addition, the state matrix can altema 
tively support an external “enterprise” master through user 
de?ned functions and noti?cations. Finally, the state matrix is 




